Introduction
============

Wheelchair basketball (WB) represents one of the most popular and inclusive adapted team sports for athletes with physical impairments being practiced by about 100,000 players worldwide. WB competitions are open to male and female players at international, national, recreational, collegiate, and junior levels in nearly a 100 countries around the world. WB applies most major rules and scoring from the sport of running basketball, but introduces some special adjustments considering the presence of subjects with different impairments and the use of the wheelchair in the game.

Wheelchair basketball is reserved for athletes with a range of permanent lower limb impairments that prevent running, jumping, and pivoting at speed and with the control, safety, stability, and endurance of an able-bodied player. WB is therefore reserved for athletes with different types of impairments (e.g., spinal cord injury, amputation, and poliomyelitis) and severity of impairment (e.g., spinal cord level of the lesion or complete/incomplete spinal cord injury). Given the wide range of activity-limiting impairments included, players are classified according to the extent to which their impairment impacts on their WB performance. Based on such a classification system, players are assigned a functional point score (hereinafter Point) from Point 1.0 (i.e., players with minimal functional potential) through to Point 4.5 (players with maximal functional potential) on an ordinal scale with 0.5-point increments ([@B32], [@B32]). In other words, players with higher functional limitation (e.g., a player with complete spinal cord injury at the thoracic level) are assigned to the Point 1.0 category, while players with smaller functional limitation (e.g., a player with a unilateral lower limb amputation) are assigned to the Point 4.5 category. To promote inclusion, in the Italian Young Wheelchair Basketball Championship players may be assigned to a Point 0.5 category to include individuals meeting both the general IWBF eligibility criteria and an additional criterion of permanent physical impairment resulting in the substantial loss of function in one or both upper extremities (e.g., tetraplegia) ([@B33]). In order to ensure that all eligible players have an opportunity to be an integral member of the team and in order to make competition between teams balanced, each team must play to a specific team point maximum. That is, during competition each team is allowed to put into play five players with a maximum totaling 14 points at any given time.

Opportunities for females to participate in WB have been increasing at both the international and national levels since the seventies. Indeed, women's WB was first played at the 1968 Paralympic Games in Tel Aviv, while men's WB has been a part of the Summer Paralympic Games since 1960 in Rome. Since that time, WB has been enjoying great success within the Paralympic movement and the number of elite male and female athletes performing in Paralympic events has increased. In several national championships, female WB players train and compete with male players in mixed teams due to the limited total population of players, which would otherwise lead to large territorial spread for each team. This raises the question as to whether differences in terms of physical characteristics and/or WB skill proficiency between male and female WB players are relevant to team performance. While differences in physique and performance between male and female able-bodied basketball players may be deemed as obvious, it should be kept in mind that WB athletes represent a special population where physical and performance characteristics are connected to residual functional capacity in a complex individual way making evaluation of sex-related differences cumbersome. When male and female athletes compete together on the same team a modified system of classification is adopted. When female athletes play on a mixed gender team, 1.0 or 1.5 points are currently subtracted from each female WB player's point value, leaving extra points for use in selecting the other team members with higher point values. It is understood that this point subtraction is given to compensate for the possible difference in WB performance between male and female players and to encourage more female players into the sport. However, such provisions are empirical and not made according to an "evidence-based classification system through research" as recommended by the [@B31]. Therefore, a key question is whether point subtraction is actually needed (and to what extent) in order to match the real difference in performance between male and female WB players. Detailed information on the physical characteristics of female WB players and their performance in standardized field tests are lacking, as is any comparison between female and male WB players with regards to physical characteristics and performance. As a matter of fact, most of the available literature on WB focused on male players only ([@B60]; [@B39]; [@B5]; [@B16]; [@B45]; [@B17]) or male and female players considered as a whole ([@B15]; [@B7]; [@B30]; [@B62]). A very limited number of studies investigated WB female players as an individual group ([@B14]; [@B59]; [@B44]; [@B23], [@B22]). The issue of sex-related differences in WB performance profiles has also been scarcely explored ([@B59]; [@B44]; [@B23]). A further limitation of previous work is that only game-related statistics in elite players were investigated with no reference to performance in standardized field tests.

In the literature there are a few studies reporting data on the anthropometric and body composition characteristics of athletes with disabilities in WB ([@B7]; [@B30]) as well as some of the other Paralympic sports, e.g., swimming ([@B18]), throwing ([@B53]), athletics ([@B11]), ice sledge hockey ([@B46]), and rowing ([@B50]). In WB the papers by [@B7] and [@B30], highlighted that the sitting height, along with other upper body linear anthropometric variables, are especially relevant to WB performance, reporting that higher values in the sitting height could give some advantage in WB performance (e.g., throwing or passing the basketball ball). Further, in Paralympic swimming, [@B18] highlighted some traits of the physical profile (e.g., large chest girth, short arm span, high stature, and low skinfolds) of Paralympic swimmers, which would be advantageous to swimming performance. Intriguingly, the profile they reported to be beneficial to the swimming performance varied according to the gender of athletes and the severity of their impairment. In WB and in the other Paralympic sports, the analysis of the anthropometric and body composition profiles of athletes with physical disabilities could help in the selection of key anthropometric measures to be used by coaches in the design and implementation of training programs in order to improve the probability of success. What is more, a detailed delineation of the physical profile of WB players according to gender is expected to provide a greater understanding in the performance profiles of male and female players.

There is therefore a need to enhance the current literature with scientific data on the physique and the performance characteristics of female WB players and to evaluate whether (and to what extent) sex impacts on skill proficiency of male and female players. Taking into account the above issues, this study had a threefold aim: first, to examine a sample of female WB players in order to characterize their anthropometry, body composition, and performance in sport-specific field tests; second, to explore sex-related differences in the above variables by comparing female WB players with twice as many male Point-matched WB players; third, to assess the effectiveness of subtracting points to compensate for sex-related differences in performance using sport-specific field tests as the reference. The data from the present study would be useful as a reference for female WB players and complementary to the existing literature on WB. They would also promote an appropriate evidence-based classification system for athletes taking into account both sex and functional ability.

Materials and Methods {#s1}
=====================

Participants
------------

Sample size was estimated "*a priori*" using G^∗^Power ([@B20]) based on data of performance in one primary outcome (i.e., the maximal pass test) of a sample of female players (*n* = 7) ([@B7]). Setting the type I error at α = 0.05, the effect size at *d* = 1.0, and allocation ratio N2/N1 equal to 0.5 the minimum sample size required for having a 80% power (i.e., β = 0.20) was 13 and 26 subjects for the female and male group, respectively. The inclusion criteria were age \> 16 years and at least 1 year of WB experience at a competitive level. In the 2013/2014 competitive season, 50 teams competed in the various Italian Wheelchair Basketball Championships (A1 League, A2 League, B League and Young); of these, 22 had at least one female player on the team. Thirteen female WB players playing in eight different teams, representing about 40% of the eligible population, volunteered to participate in this study. Age, sex, and Point were obtained for all players from the database on the [@B34] website. The participant group (**Table [1](#T1){ref-type="table"}**) encompassed players from almost every Point with 1--3 participants in each class. The group typified the range of physical impairment found in the general female WB population by type and degree of severity. The disabilities of the female WB players included spinal cord injury (complete/incomplete paraplegia, *n* = 6), spina bifida (*n* = 2), phocomelia (*n* = 1), lower extremity poliomyelitis (*n* = 2), spastic tetraparesis (*n* = 1), and unilateral above-knee amputation (*n* = 1).

###### 

Characteristics of wheelchair basketball (WB) players.

  Female participant   Point   WB exp (y)   League   Male participant   Point   WB exp (y)   League
  -------------------- ------- ------------ -------- ------------------ ------- ------------ --------
  1                    1.0     7            B        1                  1.0     4            B + Y
                                                     2                  1.0     5            B + Y
  2                    2.5     6            A1       3                  3.0     1            B
                                                     4                  2.5     9            B + Y
  3                    3.0     8            B        5                  3.5     23           B
                                                     6                  2.5     4            Y
  4                    2.5     6            A1+Y     7                  2.5     7            B + Y
                                                     8                  1.5     4            B + Y
  5                    4.0     1            B        9                  3.5     3            B + Y
                                                     10                 4.0     7            B + Y
  6                    2.0     1            B        11                 2.0     7            Y
                                                     12                 2.0     8            Y
  7                    2.0     7            B        13                 2.0     4            B
                                                     14                 1.5     11           Y
  8                    3.0     2            Y        15                 3.0     14           B + Y
                                                     16                 2.5     7            B + Y
  9                    2.0     4            B + Y    17                 2.0     9            B + Y
                                                     18                 2.5     8            B
  10                   1.5     9            B + Y    19                 1.5     2            Y
                                                     20                 1.5     4            B + Y
  11                   3.0     8            B + Y    21                 3.0     8            B + Y
                                                     22                 3.5     15           B
  12                   0.5     9            Y        23                 0.5     7            Y
                                                     24                 0.5     10           Y
  13                   0.5     5            Y        25                 0.5     10           Y
                                                     26                 0.5     5            Y

Female participants (age range: 16--43 years) were each matched to two male participants (age range: 16--59 years) according to participant number (i.e., female participant \#1 matched with male participants \#1 and \#2, etc.). A1, Italian A1 League Wheelchair Basketball Championship; A2, Italian A2 League Wheelchair Basketball Championship; B, Italian B League Wheelchair Basketball Championship; Y, Italian Young Wheelchair Basketball Championship; Point, functional point score; WB exp, wheelchair basketball experience.

In order to assess the effects of sex on physical and performance variables, each female WB player in the participant group was matched with two male WB players recruited from four different WB teams on the basis of their assigned Point (±0.5). Point is a key parameter utilized by coaches to select players for a competitive match. The median Point value (interquartile range) was 2.0 (1.75) and 2.0 (1.72) in the female and male groups, respectively (*P* = 0.904). The disabilities of male WB players comprised spinal cord injury (complete/incomplete paraplegia, *n* = 5), spina bifida (*n* = 7), lower extremity poliomyelitis (*n* = 4), spastic tetraparesis (*n* = 4), spastic paraparesis (*n* = 1), spastic diplegia (*n* = 1), and cerebral palsy (*n* = 4). The main characteristics of the whole sample of female (*n* = 13) and male (*n* = 26) WB players participating in this study are summarized in **Table [1](#T1){ref-type="table"}**.

In order to assess what functional point reduction (i.e., 1.0 or 1.5) is more suitable to compensate for sex-related differences in performance two further analyses were conducted in subgroups of players. First, performance was compared in female WB players (*n* = 9) assigned Point ≥ 1.5 and the same number of male WB players assigned 1.0 functional point less. The characteristics of this subgroup (Subgroup A) are reported in **Table [2](#T2){ref-type="table"}**. Second, performance was compared in female WB player (*n* = 9) with Point ≥ 2.0 and the same number of male WB player assigned 1.5 points less. The characteristics of this subgroup (Subgroup B) are reported in **Table [3](#T3){ref-type="table"}**. When matching male to female players, the male player best matching the corresponding female for age, duration of injury (DOI), and WB experience was preferred.

###### 

Characteristics of WB players in Subgroup A.

  Sex (M/F)   Point   DOI (y)   WB exp (y)   Sex (M/F)   Point   DOI (y)   WB exp (y)
  ----------- ------- --------- ------------ ----------- ------- --------- ------------
  F           1.5     20        9            M           0.5     20        7
  F           2.0     6         1            M           1.0     4         4
  F           2.0     7         4            M           1.0     17        5
  F           2.5     9         6            M           1.5     21        4
  F           2.5     16        6            M           1.5     16        4
  F           3.0     17        8            M           2.0     20        7
  F           3.0     22        2            M           2.0     18        8
  F           3.0     14        8            M           2.0     18        9
  F           4.0     2         1            M           3.0     2         1

Female participants (age range: 16--43 years) assigned a range of Point (1.5--4.5) were each matched to a male WB player (age range: 16--26 years) assigned 1.0 Point less. F, female; M, male; Point, functional point score; y, years; DOI, duration of injury; WB exp, wheelchair basketball experience.

###### 

Characteristics of WB players in Subgroup B.

  Sex (M/F)   Point   DOI (y)   WB exp (y)   Sex (M/F)   Point   DOI (y)   WB exp (y)
  ----------- ------- --------- ------------ ----------- ------- --------- ------------
  F           2.5     9         6            M           1.0     4         4
  F           3.0     17        8            M           1.5     22        11
  F           2.5     16        6            M           1.0     16        5
  F           4.0     2         1            M           2.5     16        4
  F           2.0     6         1            M           0.5     16        5
  F           2.0     20        7            M           0.5     20        7
  F           3.0     22        2            M           1.5     21        4
  F           2.0     7         4            M           0.5     17        10
  F           3.0     14        8            M           1.5     16        4

Female participants (age range: 16--43 years) assigned a range of Points (2.5--4.0) were each matched to a male WB player (age range: 16--39 years) assigned 1.5 points less. F, female; M, male; Point, functional point score; y, years; DOI, duration of injury; WB exp, wheelchair basketball experience.

The protocol conformed to the Declaration of Helsinki (revised in 2008). The Institutional Review Board at the University of Verona approved the study protocol. The study had full ethical approval and all participants gave their written informed consent.

Anthropometry and Body Composition Assessment
---------------------------------------------

Body circumferences were measured with a fiberglass Gulick Anthropometric Tape (Mabis Healthcare, Waukegan, IL, United States) at the upper arm (relaxed), the forearm, the wrist and the waist site. The following body dimensions were measured with a Harpenden anthropometer (Holtain, Ltd., Crymych, Pembrokeshire, United Kingdom) according to conventional criteria and measuring procedures ([@B37]): shoulder-elbow length, elbow-wrist length, thigh length, transverse chest width, anterior--posterior chest depth, elbow width, and wrist width. Stature is difficult to measure with accuracy in athletes with disability because of the underlying pathology. In this study, The authors adopted an ecological approach by measuring the height of the player on his/her own basketball wheelchair assuming this to be a proxy of the player's actual height during play. Following to a previous study ([@B7]), two measurements were taken: (1) the sitting height (SitH1), measured as the vertical distance from the vertex of the head to the floor and (2) the maximal vertical reach from a seated position (SitH2) measured as the maximal distance from the tip of the dactylion III to the floor, with the upper arms extended overhead as high as possible.

Skinfold thickness was measured to the nearest 0.1 mm with a Harpenden caliper (Gima, Milan, Italy) at the triceps, biceps, subscapular, and suprailiac sites according to standard procedures ([@B37]). Duplicate readings were taken at each site, and the average of the two was recorded. If the two readings differed by more than 2 mm a third one was taken, and the closest two were averaged. The sum of the four skinfold measurements was used as an estimate of body density according to the sex- and age- specific Durnin-Womersley equation ([@B19]) as previously reported in Paralympic sitting athletes ([@B4]). Body density was then transformed into body fat percentage (%FM) according to [@B52].

All the participants completed the measures established in the study protocol. All anthropometric and body composition measurements were taken by the same expert operator (VC) who has been taking anthropometric measurements in subjects with physical disabilities since 5 years. For reliability, the technical error of measurement (TEM) was computed with the following formula ([@B58]):
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where VAT represents the variable average value, i.e., the arithmetic mean of the mean between both measurements obtained from each subject for the same anthropometrical measure. The TEMs were below 1% for all lengths/breadths/girths and below 3.5% for all skinfolds recorded in this study and therefore within the acceptable limits (i.e., \<5.0% for skinfold thickness and \<1.0% for all other measures) ([@B25]).

Assessment of Performance
-------------------------

Performance assessment included a range of sport-specific field tests exploring speed, ball handling, shooting, passing, and endurance (**Figure [1](#F1){ref-type="fig"}**). All tests were performed according to [@B15] with slight modifications. Field tests were performed following the teams' usual warm-up on a basketball court in the gym either during a national meeting or during one of the usual on-court training session. Each participant used his own personal wheelchair. For the 5 m sprint test, the player started from a stationary position and pushed for a distance of 5 m as quickly as possible. For the 20 m with ball test, the player started with a ball from a stationary position and pushed for a distance of 20 m as fast as possible, following the FIPIC rules for bouncing. The score was the time taken to complete the 20 m distance. For the suicide test, the player positioned himself with the front wheels behind the baseline, pushing first to the foul line and back, then to the half line and back, then to the far foul line and back, then to the far baseline and back. The total time to complete these distances was the score. In the speed-related tests (5 m sprint, 20 m sprint, and suicide), the player started sprinting on a starting sound (i.e., "three, two, one, go"). Time was manually recorded with a Digital Traceable Stopwatch (Traceable Products, Webster, TX, United States) starting when the front wheels crossed the start line and stopping when the front wheels crossed the finish line. For the maximal pass test, the player was positioned stationary with the front wheels behind the baseline, attempting to throw the basketball ball as far as possible. The distance between the baseline and where the ball first hits the floor was measured with a Fiberglass Blade Long Tape rule (Stanley Black & Decker Corporation, Inc., New Britain, CT, United States). In the pass for accuracy test the player was positioned behind a 4 m distance line and had to pass the basketball 10 times toward a 30 cm square target (with a 2 cm border) marked on the wall of the sports hall with a scotch paint masking tape. The center of the square was at 1.2 m above the ground. Any form of pass was acceptable. Players scored 3, 1, or 0 points depending on where the ball hit the target. The score was the sum of the points from the 10 passes (range: 0--30). For the lay-ups tests, the players started with the basketball behind the 3-point line aiming to score as many lay-ups as possible within a minute. After each lay-up participants were asked to go back to the 3-point line and pick-up the ball from a cone. Depending on where the ball hit the scoring board, players scored 3 points (when the shot was a hit), 1 point (when the ball touched the ring but was not a hit) or 0 points (when the ball did not touch the ring at all). For the spot-shot test, the player had to perform five shots from four different positions around the lane, two at the top of the lane. Players scored 3 points (when the shot was a hit), 1 point (when the ball touched the ring but was not a hit) or 0 points (when the ball did not touch the ring at all). The score was the sum of the points of the 20 shots.

![Layout of sport-specific field tests adopted from [@B7].](fphys-09-00568-g001){#F1}

Statistical Analysis
--------------------

A cross-sectional comparative study design was adopted. Data were assessed for normality with the Kolmogorov--Smirnov test and transformed using the method described by [@B6] where necessary. The Box and Cox transformation provides an algorithm through which the optimal value of the transformation parameter λ is selected by the method of maximum likelihood for reducing heterogeneity of error that permits the assumption of equal variance to be met. The Levene's test was performed to assess the equality of variance of data. Descriptive statistics (mean and standard deviation) were computed for all variables using standard procedures. The *t*-test for independent samples (two-tailed) was used to assess sex differences in WB performance, anthropometry, and body composition between the whole sample of female WB players (*n* = 13) and their Point-matched male counterparts (*n* = 26). The Cohen's *d* was used as a measure of the effect size (ES) and interpreted according to Cohen's guidelines ([@B9]) as small (*d* = 0.2), medium (*d* = 0.5), and large (*d* = 0.8). For categorical variables (Point), data were expressed as median (interquartile range) and comparisons performed with the Mann--Whitney test. The *t*-test for independent samples (two-tailed) was also used to assess sex differences in WB performance between the sub-group of female WB players and the sub-group of male WB players in both of the further two analyses on the effects of point reduction. Statistical power was evaluated using G^∗^Power Software 3.1 ([@B20]) on the basis of the observed effect sizes. All analysis was performed with SPSS v. 16.0 (IBM, Corp., Armonk, NY, United States). The alpha value was set at *P* ≤ 0.05.

Results
=======

The demographic, anthropometric, and sport-specific performance data of female WB players are summarized in **Table [4](#T4){ref-type="table"}**. The differences in mean anthropometric and body composition characteristics of the female and male group of WB players are presented in **Table [5](#T5){ref-type="table"}**. Female WB players and their Point-matched male counterparts had similar age (females: 25.3 ± 9.1 years, males 23.3 ± 11.1 years; *P* = 0.191, *d* = 0.2), self-reported duration of injury (females: 13.9 ± 6.4 years, males 19.3 ± 12.2 years; *P* = 0.144, *d* = 0.6), WB experience (females: 5.6 ± 2.8 years, males 7.5 ± 4.6 years; *P* = 0.178, *d* = 0.5), and volume of training (females: 5.2 ± 1.0 h/w, males: 4.8 ± 1.0 h/w; *P* = 0.293, *d* = 0.4). The upper arm (relaxed) and the waist circumferences, as well as thigh length, SitH1, SitH2, anterior--posterior chest width and upper body skinfold thickness were all similar in female and male WB players. Females showed significantly lower mean values for several upper body linear anthropometric variables namely, the forearm, wrist and waist circumference (-9.6%, *P* = 0.011, *d* = 0.9; -8.5%, *P* = 0.001, *d* = 1.2; and -9.6%, *P* = 0.041, *d* = 0.7, respectively), the shoulder-elbow and elbow-wrist length (-9.3%, *P* = 0.002, *d* = 1.1 and -8.8%, *P* \< 0.001, *d* = 1.3, respectively) as well as the transverse chest (-11.4%, *P* = 0.003, *d* = 1.1), and the elbow and wrist width (-9.9%, *P* \< 0.001, *d* = 1.2 and -9.4%, *P* = 0.002, *d* = 1.1, respectively). Female WB players had a significantly higher (+7.6%, *P* \< 0.001, *d* = 1.3) percentage of body fat vs. males.

###### 

Anthropometry, body composition, and performance in sport-specific field tests of female wheelchair basketball players (*n* = 13).

                                         Median   Minimum   Maximum   Range
  -------------------------------------- -------- --------- --------- -------
  Circumference                                                       
  Upper arm (relaxed) (cm)               27.2     20.5      38.6      18.1
  Forearm (cm)                           24.9     20.5      31.1      10.6
  Wrist (cm)                             15.5     13.9      18.5      4.6
  Waist (cm)                             79.0     64.5      114.0     49.5
  Length/width/breath/depth                                           
  Thigh length (cm)                      38.0     29.0      39.5      10.5
  Shoulder-elbow length (cm)             33.0     23.0      37.0      14.0
  Elbow-wrist length (cm)                25.9     22.3      30.8      8.5
  Elbow breadth (cm)                     5.8      4.8       7.3       2.5
  Wrist breadth (cm)                     4.8      4.2       5.7       1.5
  Transverse chest width (cm)            25.4     22.6      32.0      9.4
  Anterior--posterior chest depth (cm)   17.3     15.6      22.8      7.2
  SitH1 (cm)                             127.0    115.0     147.0     32.0
  SitH2 (cm)                             168.0    145.0     185.0     40.0
  Skinfolds and body composition                                      
  Subscapular (mm)                       13.4     10.5      32.0      21.5
  Triceps (mm)                           19.5     9.5       37.0      27.5
  Biceps (mm)                            8.2      3.6       21.0      17.4
  Suprailiac (mm)                        19.0     12.8      38.7      25.9
  Body fat (%)                           29.7     22.3      39.8      17.5
  Performance in field tests                                          
  5 m sprint (s)                         2.3      1.7       3.2       1.5
  20 m sprint with ball (s)              7.7      6.5       10.9      4.4
  Suicide (s)                            56.7     44.9      63.5      18.6
  Lay-ups (n)                            11       1         36        35
  Pass for accuracy (n)                  20       1         26        25
  Maximal pass (m)                       7.8      4         10.9      6.9
  Spot-shot (n)                          28       1         40        39

SitH1, Sitting height; SitH2, maximal vertical reach from seated position.

###### 

Anthropometry and body composition of Point-matched female and male wheelchair basketball players.

  Variable                               Females (*n* = 13)   Males (*n* = 26)   *t*      *P*-value     Effect size   Power
  -------------------------------------- -------------------- ------------------ -------- ------------- ------------- -------
  Circumference                                                                                                       
  Upper arm (relaxed) (cm)               28.0 ± 4.7           30.5 ± 4.0         -1.746   0.089         0.6           0.4
  Forearm (cm)                           24.6 ± 3.0           27.2 ± 2.8         -2.683   **0.011**     0.9           0.7
  Wrist (cm)                             15.6 ± 1.3           17.1 ± 1.0         -3.789   **0.001**     1.2           0.9
  Waist (cm)                             82.5 ± 14.4          93.5 ± 15.65       2.113    **0.041**     0.7           0.5
  Length/width/breath/depth                                                                                           
  Thigh length (cm)                      35.9 ± 3.6           38.9 ± 3.9         -2.335   **0.025**     0.8           0.6
  Shoulder-elbow length (cm)             32.4 ± 3.4           35.7 ± 2.6         -3.404   **0.002**     1.1           0.9
  Elbow-wrist length (cm)                25.8 ± 2.1           28.3 ± 1.8         -3.872   **\<0.001**   1.3           1.0
  Elbow breadth (cm)                     5.9 ± 0.6            6.5 ± 0.5          -3.847   **\<0.001**   1.2           0.9
  Wrist breadth (cm)                     4.8 ± 0.4            5.3 ± 0.5          -3.276   **0.002**     1.1           0.9
  Transverse chest width (cm)            25.4 ± 2.5           28.7 ± 3.3         -3.146   **0.003**     1.1           0.9
  Anterior--posterior chest depth (cm)   17.9 ± 2.4           20.2 ± 3.6         -2.147   **0.038**     0.8           0.6
  SitH1 (cm)                             129.0 ± 10.3         134.7 ± 10.5       -1.591   0.120         0.5           0.3
  SitH2 (cm)                             167.5 ± 11.9         177.0 ± 15.8       -1.913   0.064         0.7           0.4
  Skinfolds and body composition                                                                                      
  Subscapular (mm)                       17.4 ± 7.7           21.5 ± 11.2        -0.906   0.371         0.4           0.2
  Triceps (mm)                           18.6 ± 7.3           16.9 ± 7.8         0.638    0.527         0.2           0.1
  Biceps (mm)                            9.8 ± 5.6            8.1 ± 4.1          0.723    0.474         0.3           0.1
  Suprailiac (mm)                        22.6 ± 8.2           24.2 ± 8.6         -0.559   0.579         0.2           0.1
  Body fat (%)                           30.7 ± 6.0           23.2 ± 5.4         3.977    **\<0.001**   1.3           1.0

Student's

t-

test. Data are means ± SD. Significant

P-

values are in bold. SitH1, sitting height; SitH2, maximal vertical reach from seated position; Power,

post hoc

power analysis.

The performance of the whole sample of female and male WB players in seven sport-specific field tests is reported in **Figure [2](#F2){ref-type="fig"}**. A significant difference between sexes was found in two tests namely, the maximal pass (*P* = 0.002, *d* = 1.2) and the suicide (*P* \< 0.001, *d* = 1.6), test females performing worse than males in both tests. In the maximal pass test, males were able to pass the basketball ball on average 28% further than females. In the suicide test, males took an average 23% less time to complete the required distance.

![Performance in sport-specific field tests of classification-matched female (*n* = 13) and male (*n* = 26) wheelchair basketball (WB) players. ^∗∗^*P* = 0.002 \[effect size (ES), 1.2; Power, 0.8.; ^∗∗∗^*P* \< 0.001 (ES, 1.6; Power, 0.9) (paired-samples *t*-test, two-tailed)\]. In the box plot, the upper horizontal line of the box represents the 75th percentile, the lower horizontal line of the box is the 25th percentile; the horizontal bar within the box is the median value; the x symbol within the box is the mean value; the upper and lower line outside the box represents minimum and maximum value, respectively (error bars).](fphys-09-00568-g002){#F2}

In Subgroup A of WB players (see section "Materials and Methods") females and males had similar age (24.8 ± 8.8 and 20.8 ± 3.5 years, respectively; *P* = 0.222, *d* = 0.6), self-reported duration of injury (12.6 ± 6.9 and 15.0 ± 7.0 years, respectively; *P* = 0.466, *d* = 0.3), and WB experience (5.0 ± 3.1 and 5.4 ± 2.5 years, respectively; *P* = 0.743, *d* = 0.1). In Subgroup A, females performed significantly worse (15.3%; *P* = 0.042, *d* = 1.1) than males in the suicide test(**Table [6](#T6){ref-type="table"}**).

###### 

Performance in sport-specific field tests of Subgroup A (see **Table [2](#T2){ref-type="table"}** and see section "Materials and Methods").

  Sport-specific field test   Females (*n* = 9)   Males (*n* = 9)   *t*      *P*-value
  --------------------------- ------------------- ----------------- -------- -----------
  5 m sprint (s)              2.1 ± 0.3           2.4 ± 0.6         -1.432   0.171
  20 m sprint with ball (s)   7.8 ± 1.3           7.3 ± 0.9         0.979    0.342
  Suicide (s)                 54.2 ± 7.0          45.9 ± 8.7        2.214    **0.042**
  Lay-ups (n)                 15.8 ± 8.9          13.9 ± 5.1        0.552    0.589
  Pass for accuracy (n)       16.7 ± 8.7          16.9 ± 7.5        0.376    0.548
  Maximal pass (m)            8.1 ± 1.7           9.6 ± 2.8         -1.322   0.205
  Spot-shot (n)               24.2 ± 13.0         21.8 ± 6.0        3.171    0.094

Male players had 1.0 assigned Point less than females. Student's

t-

test. Data are means ± SD. Significant

P

-values are in bold.

In Subgroup B of WB players (see section "Materials and Methods") females and males had similar age (27.2 ± 10.2 and 21.6 ± 7.1 years, respectively; *P* = 0.191, *d* = 0.6), self-reported duration of injury (12.6 ± 6.9, 16.4 ± 5.2 years, respectively; *P* = 0.195, *d* = 0.6) and WB experience (4.8 ± 2.9 and 6.0 ± 2.7 y, respectively; *P* = 0.368, *d* = 0.4). In Subgroup B, females performed similarly to males in all sport-specific field tests (**Table [7](#T7){ref-type="table"}**).

###### 

Performance in sport-specific field tests in Subgroup B (see **Table [3](#T3){ref-type="table"}** and see section "Materials and Methods").

  Sport-specific field test   Females (*n* = 9)   Males (*n* = 9)   *t*      *P*-value
  --------------------------- ------------------- ----------------- -------- -----------
  5 m sprint (s)              2.2 ± 0.4           2.6 ± 0.5         -2.097   0.052
  20 m sprint with ball (s)   7.6 ± 1.2           8.1 ± 1.5         -0.756   0.460
  Suicide (s)                 53.9 ± 6.7          47.7 ± 8.0        1.786    0.093
  Lay-ups (n)                 16.3 ± 8.9          10.9 ± 6.1        1.513    0.150
  Pass for accuracy (n)       16.2 ± 8.4          16.0 ± 8.5        0.560    0.956
  Maximal pass (m)            8.2 ± 1.7           8.5 ± 1.7         -0.446   0.662
  Spot-shot (n)               25.3 ± 13.7         24.1 ± 7.7        0.234    0.819

Male players had 1.5 assigned Point less than females. Student's

t

-test. Data are means ± SD.

Discussion
==========

The assessment of physique and performance in athletes with disabilities is a very challenging area of study due to the limited total population of athletes and to the enormous variability within the population itself leading to large territorial spread for most studies. Further, males and females are currently grouped together in scientific studies thereby increasing variability and making direct comparison between studies difficult or even inaccurate.

This is the first study investigating anthropometry, body composition, and performance in sport-specific field tests of female WB players as well as exploring sex-related differences in the above variables. It might be deemed that the sample of WB players included in this study is small in absolute terms (*n* = 13); however, this figure represents about 40% of female WB players in Italy and should be considered representative enough of the reference population.

The results of this study showed that:

1.  The majority of female WB players are overweight.

2.  Female and male WB players differ in several upper body anthropometric variables and females show greater %FM.

3.  Sex-related differences exist in the performance of male and female WB players, which are mainly associated with passing (explosiveness) and resistance ability.

4.  Sex-related differences in performance might be fully compensated if 1.5 functional points are subtracted from female WB players.

Anthropometry and Body Composition
----------------------------------

A main finding of this study was that mean %FM in female WB players is 30.7% i.e., above the current cut-off for obesity. The body mass index (BMI) is commonly used to define obesity, despite it is not able to distinguish lean body mass from fat mass ([@B21]). Dual-energy X-ray absorptiometry (DXA) offers the opportunity for precise characterization of adiposity. According to several studies ([@B48]; [@B51]) using DXA, the cut-off level for obesity is percent body fat ≥30% for women and ≥25% for men. Therefore, our finding suggests that athletic disabled females tend to accumulate excess body fat. The current finding is in line with data in the wider population of subjects with physical disabilities where the reduced physical capacity in injured parts of the body deriving from immobilization and skeletal muscle denervation would result in muscle atrophy and an increase in subcutaneous and intramuscular fat mass ([@B57]; [@B38]; [@B27]; [@B43]; [@B56]; [@B10]; [@B29]; [@B3]). Data available in spinal cord injured subjects highlights that they suffer from excessive adiposity (%FM \> 30%) ([@B54]; [@B28]). When compared to gender, age, and BMI-matched able-bodied controls, individuals with spinal cord injury have greater total body fat mass ([@B36]; [@B54]; [@B8]; [@B40]; [@B26]), and more fat per unit of BMI ([@B54]), especially in the lower limbs ([@B55], [@B54]; [@B38]; [@B42]). Nevertheless, practicing WB may help disabled females in limiting body fat accrual. In fact, it has been shown that in sedentary females with traumatic, complete motor paraplegia for at least 2 years DXA-measured %FM was 45.5 ± 10.2% ([@B3]). The mean value of waist circumference in female WB players was 82.5 ± 14.4 cm (**Table [5](#T5){ref-type="table"}**) that is greater than the cut-off point for increased health risk in Europid females (i.e., ≥80 cm; [@B65]). Moreover, in 38% of female WB players the waist circumference was equal or above 80 cm suggesting an increased risk of metabolic complications associated with obesity ([@B65]; [@B1]). Further, the ratio of the subscapular to the triceps skinfolds in WB female athletes was 0.96 ± 0.29 and the ratio of waist circumference to arm circumference was 2.96 ± 0.22 also indicating a central pattern of adiposity. This altered distribution of adipose tissue was expected and is in accordance with previous findings ([@B64]; [@B55]; [@B3]). Our findings could be explained, at least in part, by the fact that most female WB players were wheelchair-dependent and, therefore, they had to use their arms to transfer themselves and to propel the wheelchair; these activities possibly contributed to lower adiposity in upper extremity thereby affecting the peripheral-to-central fat distribution. When compared with male WB players, females showed a significantly (*P* \< 0.001) higher %BF (∼8%). This is consistent with able-bodied literature in this field ([@B35]; [@B63]) as well as findings in spinal cord injured sedentary males ([@B3]) who had a ∼10% lower DXA-measured fat mass versus their female counterparts suggesting that the well-known larger adiposity of females vs. males is maintained in the wheelchair population. When interpreting our data, it is important to bear in mind that we estimated %FM with an anthropometric equation developed in able-bodied subjects ([@B19]). Preliminary results from our laboratory showed that this equation underestimated %FM in spinal cord-injured athletes by about 3% using DXA as the reference. Future studies will therefore benefit from the use of more accurate methods to assess %FM in the disabled athletic population.

In our sample of female and male WB players, both average SitH1 and SitH2 were higher in males (+4.2 and +5.4%, respectively), but the difference was not significant (SitH1, *P* = 0.12) or borderline significant (SitH2, *P* = 0.06). Stature has long been appreciated as a key body parameter in running basketball performance ([@B12]) and, in able-bodied basketball, adult males are on average 7% taller than females ([@B35]). While in the able-bodied population the standing height is proportional to sitting height ([@B13]), in subjects with disabilities the sitting height is in part associated with stature and in part with impairment. In fact, the type and degree of physical impairment makes erect sitting problematic and WB players showing more severe impairments adopt a deeper-seated position on the basketball wheelchair to gain stability and balance. This limits the trunk motion and, consequently reduces SitH2. In addition to a lower sitting position in the basketball wheelchair, male and female players assigned a lower Point would possess less trunk and abdominal strength compared to players assigned a higher Point. In the absence of statistically significant differences in SitH1 and SitH2 between male and female players, inference on the effect of these variables on performance is limited. However, non-impairment-affected height-related variables namely, the shoulder-elbow, elbow-wrist, and thigh length were significantly greater in males vs. females by 9.3, 8.8, and 7.8%, respectively, (**Table [5](#T5){ref-type="table"}**) suggesting that males were actually taller than females. Apart from the sitting height, a longer upper arm in males could facilitate passing and wheelchair maneuvering by giving the players, whose body is constrained in the wheelchair, more room to move the ball while making a pass or while propelling the wheelchair.

Performance in Sport-Specific Field Tests
-----------------------------------------

Wheelchair basketball is an intermittent sport characterized by a combination of repeated high intensity sprints and rapid acceleration and deceleration ([@B61]; [@B24]). To display good performance during the game, WB players need to master and perform several skills simultaneously for wheelchair maneuvering (i.e., propulsion, starting and stopping and changing wheelchair direction) and ball handling (i.e., shooting, passing, dribbling, or rebounding). Obviously, performance is also affected by residual functional potential. In elite WB athletes, some limited sex-related differences in team scores were found ([@B59]; [@B44]), male WB players being more accurate than females in field-goal and free-throw shooting ([@B59]). In the current study, we expand on previous data by investigating the performance of female and male WB players in a battery of seven sport-specific field tests ([@B15]; [@B7]) assessing different skills required in the WB game. To minimize the possible effect of residual functional potential on the scores, female and male players were matched according to the players' assigned Point. Also, the female and male groups resulted similar in terms of age, duration of injury, WB experience, and weekly amount of training thereby making comparison more reliable.

Results showed that, on average, males performed better than females in all sport-specific field tests but for the 5 m sprint test; however, males performed significantly better than females in the maximal pass and the suicide tests. These two tests mainly explore explosiveness in passing and resistance, respectively. In the maximal pass test, males shot the basketball ball ∼28% further than females; in the suicide test males took ∼23% less time to complete the required distance vs. females. This could be related to lesser muscle strength and endurance along with lower levels of cardiovascular fitness in females irrespective of the degree and the severity of the impairment. Such a suggestion is supported by the presence of an innate sex disparity in the relative strength and muscular endurance features of the muscles of the upper body in able-bodied subjects ([@B41]). Similarly, [@B49] showed that males are faster than females in the repeated sprint ability tests.

An optimal body mass has been shown to be related to success in running basketball ([@B2]; [@B47]). Therefore, it could be argued that better performance in the suicide test in male vs. female WB players is explained at least in part by the higher %FM found in the latter. Indeed, [@B2] reported a negative correlation between %FM and performance time in running speed and high intensity shuttle run; more recently, [@B47] found that an excess body mass has a negative effect on sprinting ability in young basketball players. It is however important to bear in mind that, despite similarities exist between WB and running basketball, in disable WB athletes excess %FM could not have the same implications on sport performance as in their able-bodied counterpart. In fact, in able-bodied basketball players fat mass is an extra load acting as a dead weight to be moved whereas in WB players have to carry their body weight in a wheelchair during play and do not have to jump. Accordingly, WB players may not be hindered by extra body weight as much as able-bodied players. Future research is needed to clarify the relationship between %FM and WB performance in WB players with different %FM profiles (e.g., normal weight or overweight players).

In a previous study investigating younger male and female WB players ([@B7]), better performance in sport-specific field tests was associated with higher scores in game-related statistics. In particular, the maximal pass test was shown to be a strong predictor of the number of field goals and the number of total points scored by a player per match. The same study also reported a weaker, albeit significant association between the suicide test (exploring speed and endurance) and game-related statistics. Based on the above, it could be hypothesized that being male positively affects game-related statistics, thereby favoring mixed teams, which include a larger number of male WB players. Further work is therefore needed to quantify sex-related differences in game-related statistics when males and females compete together.

In Subgroup A (**Table [6](#T6){ref-type="table"}**), female (median point score 2.5 points) and male (median Point score 1.5 points) WB players showed similar performance in all sport-specific field tests, but for the suicide test. This suggests that sex-related differences in sport-specific field tests where not fully compensated by subtracting 1.0 point from each female WB player. In Subgroup B (**Table [7](#T7){ref-type="table"}**), female (median point score 2.5 points) and male (median point score of 1.0) WB players showed similar performance in all sport-specific field tests. This indicates that sex-related differences in sport-specific field tests are compensated in full by subtracting 1.5 points from each female WB players. These findings may impact on current provisions adopted to promote fair and equitable competitions in championships where mixed (M/F) teams are allowed to compete.

Study Limitations and Strengths
-------------------------------

This study has limitations that should be mentioned. First, we were not able to match each female player with a male from the same team. Therefore, we could not account for possible differences in training programs of male and female players belonging to different teams. Second, despite similar WB experience and volume of training in the female and male groups, matched players could have been playing at different competitive levels with possible differences in the development of their WB skills. Third, the overall in-season on court playing time was not available for all players, thereby preventing assessment of the possible effect of this variable on performance in sport-specific field tests.

In this work, however, there are also a number of strengths to be highlighted. First, the data provided in this study help to fill some important gaps in the literature providing better understanding of the relationship between physique and performance in female WB players with important practical implications from the perspective of both training and the classification system. Second, our finding may have an important impact on the classification system in countries where males and females play together in mixed teams.

Conclusion
==========

This study provided new data on the physique and performance of female WB players. The presence of sex-related differences in field test performance of WB players should stimulate coaches and trainers to develop and optimize training programs to take into account sex-related differences in WB skill proficiency as well as to personalize training according to sex and to identify training priorities in mixed teams. In particular, where male and female players train and compete together, sex-specific strength and endurance training should be carefully considered. The present study also addressed the validity of the current WB classification system thereby promoting an "evidence-based classification system through research" ([@B31], item 15.2.2) and opens new understanding into the current classification system of WB players. The results demonstrated a clear difference in performance between male and female players, suggesting that when male and female athletes compete together on the same team a correct system of classification is important to assure fair and equitable competition. A valid classification system should therefore take into account both the impairment and the impact of the player's sex on performance. Taken together, our results suggest that a 1.5-point subtraction for female players is fairer in order to match the real difference in performance between male and female WB players in mixed teams. The promotion of an appropriate evidence-based classification system for athletes based on both sex and functional ability would encourage and facilitate the participation in WB of male and female players in mixed teams in a fair and unbiased structure.
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